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IMAGE RATIO MEASURING METHOD 
FOR IMAGE FORMING APPARATUS 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a method for measuring an 
image ratio, for use in an image forming apparatus for forming an image 
by fixing a coloring agent to a recording sheet based on image data 
outputted from an image data supplying apparatus. The method is to be 

10 used for evaluating the characteristics of the image forming apparatus 
relating to the amount of consumption of the coloring agent or print 
agent, or for detecting the remaining amount of the print agent. 
Related Background Art 

In an image forming apparatus capable of image formation by 

15 depositing a coloring material or a print agent onto a printing medium, 
such as a laser beam printer or other electrophotographic printer which 
achieves printing by depositing toner particles onto the printing medium 
or an ink jet printer which achieves printing by discharging ink 
consisting of dispersion of a coloring agent such as a dye or a pigment 

20 onto the printing medium, there is provided means for measuring the 
amount of consumption of the coloring material or print agent by 
various methods. The information obtained by such measurement of 
consumption amount is not only important in evaluating the 
characteristics of the image forming apparatus but also is useful and 

25 important for the user in knowing in advance when the replenishment of 
the print agent becomes necessary. 

For this reason, there have been proposed various methods for 
detecting the remaining amount of the print agent. For example, 
Japanese Patent Application Laid-Open No. 05-006092 proposes, for 

30 detecting the remaining amount of the developer, a so-called antenna 
method of detecting the electrostatic capacitance, which varies 
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according to the remaining amount of the developer. Also, Japanese 
Patent Application Laid-Open No. 05-027593 proposes an optical 
sensor system in which an optical sensor is positioned on a replenishing 
path and an optical path is opened when the toner is entirely consumed, 
5 thereby indicating that the remaining amount of the toner has become 
less than a predetermined amount, and Japanese Patent Application 
Laid-Open No. 05-30328 1 proposes a system utilizing a piezoelectric 
element for detecting the remaining amount of the toner by the weight 
thereof. 

10 However, these methods have not proved able, in case of a 

printing job of a large amount, to judge whether the toner or the ink is 
present in an amount sufficient for completing a current job, so that it 
sometime occurs that the exhaustion of the developer or the ink is 
detected in the course of the printing job, as a result of which the job is 

15 inevitably interrupted. 

In this connection, as one of the means for measuring the 
consumption amount of the coloring material or print agent in an image 
forming apparatus, there is known a method of defining the image ratio 
as the area in which image formation is executed with respect to that of 

20 the print medium and acquiring the amount of the coloring material or 
print agent consumed in image formation on the print media of a 
predetermined number, based on such image ratio. More specifically, in 
a case of an image forming apparatus executing image formation based 
on digital image data, the image ratio is defined as the ratio (the so- 

25 called print ratio) of the number of pixels in which the coloring material 
or print agent is deposited to the number of total pixels of the image of 
the maximum size that can be formed by the image forming apparatus 
on the printing medium of a specified size. 

However, that method for detecting the consumption amount 
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of the coloring material or print agent has been associated with the 
following drawbacks. 

The above-mentioned definition becomes valid in a case in 
which the image formation is executed by the presence or absence of 
deposition of the coloring material or print agent in each pixel, that is. 
in a case of image formation based on binary image data. Therefore, the 
detection of the consumption amount of the coloring material or print 
agent based on such image ratio becomes relatively accurate, but the 
definition of the image ratio itself is problematic in a case of multi- 
value image data having tonal gradation, such as a photographic image. 
Particularly, in the case of full-color image formation, the image ratio 
cannot be appropriately defined for various reasons, such as (1) that the 
image data supplied to the image forming apparatus have various signal 
formats, such as the standardized RGB (Red, Green and Blue) data 
(sRGB data) or CMYK (Cyan, Magenta, Yellow and Black) data, and 
(2) that the relationship between the image signal and the consumption 
amount of the coloring material or print agent in the intermediate 
density range may be complex. 



SUMMARY OF THE INVENTION 
An object of the present invention is to provide a method for 
measuring the image ratio, not associated with the aforementioned 
drawbacks. 

Another object of the present invention is to provide an image 
ratio measuring method capable of defining the image ratio in 
correlation with the consumption amount of the coloring material/print 
agent both for binary image data and for multi-value image data, 
thereby enabling exact detection of the consumption amount of the 
coloring material/print agent. 
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Still another object of the present invention is to provide an 
image forming apparatus capable of calculating the number of 
outputtable sheets and informing the user of such number, thereby 
improving the convenience of use. 
5 Still other objects of the present invention, and the features 

thereof, will become fully apparent from the following description to be 
taken in conjunction with the accompanying drawing and from the 
appended claims. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the configuration of an 
image forming system; 

Fig. 2 is a view showing the relationship between the image 
ratio and the deposition amount of the coloring material; 
15 Figs. 3A and 3B are views showing a color mixing state of 

color toners; 

Fig. 4 is a view showing entry and reflection of the light in 
the toner on a print medium; 

Fig. 5 is a view showing a color mixing state of inks; 
20 Fig. 6 is a block diagram of showing the configuration of an 

output device constituting a first embodiment of the present invention; 

Fig. 7 is a block diagram of showing the configuration of an 
output device constituting a second embodiment of the present 
invention; and 

25 Fig. 8 is a block diagram showing the configuration of a 

communication system constituting another embodiment of the present 
invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Now the present invention will be clarified in detail by a 
description of the preferred embodiments thereof, with reference to the 
accompanying drawings. 
(First embodiment) 
5 Fig. 1 shows an example of the configuration of an image 

forming system, executing image processing from image data input to 
full-color output. In such image forming system, there have been 
proposed various flows for color management taking color 
reproducibility into consideration, but, in the upper part of Fig. 1, there 

10 is shown a configuration employing the flow of the recently utilized 
ICC (International Color Consortium). 

Image data are transferred from an input device 21 to an 
image processing unit 25 in a RGB (Red, Green, Blue) data format 
dependent on such input device. In the image processing unit 25, an 

15 ICC input profile conversion unit 22 executes conversion from the RGB 
image data dependent on the input device 21 into color coordinate 
signals of L*, a*, b* uniform color space (CIELAB space) independent 
of the input device, where L* represents luminosity, and a*, b* are 
chromaticity indicating hue and saturation. The conversion can be 

20 achieved by a so-called direct mapping method utilizing a multi- 
dimensional LUT (Look-up Table), and interpolation control is also 
often utilized in consideration of the resolution of the signals. 

The image signals L*, a*, b* converted into the color 
coordinates in the uniform color space are subjected, in a CMM (Color 

25 Management Module) 23, to a GAMUT conversion for obtaining as 
beautiful an output image as possible in consideration of the 
correspondence between the reading color space of the input device 21 
and the reproducing color space of the output device 1 1 and a color 
conversion for adjusting the mismatching between the type of light 
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CdMdYdKd signals (signals of section B) received by the output device 
1 1 . The presence of such means allows the output device to adapt to an 
image forming system in which the signals of section B alone are 
provided. 

5 In the configuration shown in Fig. 6, the image writing 

element driver 14 is used for driving an image writing element 15 
constituting an engine for image formation on the print medium (for 
example, a laser light source or a control unit therefor in a laser beam 
printer, or a heat generating element, a piezoelectric element or a 

10 control unit therefor for generating energy to be utilized for ink 
discharge in an ink jet printer). 

Also, in the above-described configuration, the input devices 
21,81 constituting the supply source of the image data can be composed 
of a computer or the like (personal computer, work station, server etc.), 

15 a memory medium storing image data or an apparatus for reading such 
stored data. 

Also, the image processing units 25, 85 shown in Fig. 1 may 
be realized as one of the functions executed by a computer constituting 
the image data supply source, but may also be provided in the image 

20 forming apparatus including the output device 11. It is also possible to 
provide the input devices 21,81 and the output device 1 1 with parts of 
the configuration of the image processing units 25, 85 thereby realizing 
the function of the image processing units 25, 85 in the entire system. 
Also in case of providing the computer (input devices 21, 81) with all 

25 the configuration of the image processing units 25, 85 or a part thereof, 
the function of such image processing units may be executed as a 
function of a printer driver to be installed in the computer. Otherwise, 
all such function or a part thereof may be realized by hardware. 

Furthermore, the image forming system shown in Fig. 1 may 
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assume a form in which a part of the configuration is constituted as an 
independent apparatus, or a form in which the entire configuration is 
integrally constructed as a copying apparatus or a facsimile apparatus. 
(Second embodiment) 
5 In the foregoing embodiment, there has been explained a 

configuration provided with an input unit capable of receiving the 
image data signals CdMdYdKd (signals of section B) correlated with 
the consumption amount of the coloring agents, and capable of 
determining the image ratio based on the received signals of section B. 

10 In contrast, the second embodiment provides a configuration for 

determining the image ratio based on the signals of section A. Such 
configuration allows the output device to adapt to an image forming 
system in which the signals of section A alone are provided. 

Also, the foregoing first embodiment is rendered capable of 

15 evaluating the characteristics of the output device relating to the 

consumption of the coloring agents based on the image ratio, but the 
present embodiment is rendered capable of detecting the remaining 
amount of the coloring agents based on the image ratio. 

Fig. 7 shows an example of the configuration of an output 

20 device 111 employed in the second embodiment of the present 
invention, wherein components equivalent to those in Fig. 6 are 
represented by like numbers. 

In the present embodiment, the path of the signals of section 
A supplied to the y-LUT 12 is branched, and such branched path is 

25 connected to a y-LUTd 140, which stores conversion data for 

converting the signals of section A so as to generate image data signals 
CdMdYdKd (linearly proportional to the gradational density) correlated 
with the consumption amount of the coloring agents. 

A consumption amount calculation unit 141 determines the 
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image ratio for each color according to the foregoing equation (1) based 
on the signals CdMdYdKd supplied from the y-LUTd 140, and 
calculates the consumption amount of each coloring agent based on the 
image ratio. The image ratio is calculated for each color according to 
5 equation (1). Also, the value obtained by such calculation is correlated 
with the amount of the printing agent consumed in the image formation, 
and allows determination of the consumption amount of the printing 
agent by the foregoing equation (3) according to the image forming 
method of the output device 111. For example, in an 

10 electrophotographic printer such as a laser beam printer, the actually 
used amount of the toner can be obtained by multiplying by a certain 
constant coefficient. In an ink jet printer, too, there may be executed a 
process for matching with the consumption amount of the ink, based on 
the content of the coloring agent in the ink solvent. 

15 In an electrophotographic image forming apparatus, it is 

already known that toner is consumed by so-called "fog" phenomenon 
even in an image of a signal level 0. There is also executed formation, 
on the print medium, of a toner patch for controlling the image forming 
conditions, in addition to ordinary image formation. It is therefore 

20 desirable, in order to improve accuracy, also to consider toner 

consumption resulting from factors other than the image signals used 
for ordinary image formation. 

The calculated value is accumulated by an accumulation unit 
142, and a subtraction unit 143 subtracts the accumulated value from 

25 the initial amount of the printing agent. Thus, from the initial amount 
of the toner or ink, detectable at the replacement of a toner cartridge in 
an electrophotographic printer such as a laser beam printer or an ink 
tank in an ink jet printer, the accumulated value of the printing agent 
consumed after such replacement is subtracted from time to time to 
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obtain information indicating the current amount (remaining amount) of 
the printing agent, and such information is retained in a current amount 
memory unit 144 composed for example of an EEPROM. In a case 
where the output device 1 1 1 is an ink jet printer, there is also 
5 considered the amount of the ink consumed other than for image 
formation, for example in the so-called recovery process. 

A comparison unit 145 compares the consumption amount of 
the printing agents calculated on the image data with the current amount 
of the printing agents, and, if it is confirmed that the current amount of 

10 the printing agents is enough for the image formation based on those 
image data, the actual printing operation is instructed to the image 
writing element driver 14. On the other hand, if the current amount of 
the printing agents is not enough, an informing unit 146 composed for 
example of a display unit or a sound generator informs the user that the 

15 printing agents will run out in the course of the printing operation. 
Thus the user can execute replenishment of the printing agents (for 
example replacement of the toner cartridge or the ink tank) or 
preparation therefor. 

The aforementioned components 12, 14, 141 to 146 may be 

20 realized by hardware composed of a combination of logic circuit 

elements, and predetermined functions may be realized by software. 

Also, by dividing the current amount of the printing agents 
with the calculated consumption amount (or with the number of prints), 
there can be determined the approximate number of prints that can still 

25 be made, and, by displaying thus determined number in the informing 
unit 146, it is rendered possible to judge whether the printing agents 
should be replenished in advance at the setting of the number of prints 
for an original image. Otherwise, there may be displayed a message 
requesting the replenishment if the set number of prints is larger than 
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the possible number of prints when the number of prints is set by the 
user. 

(Other embodiments) 

It is also possible to provide an input unit capable of 
5 receiving the signals of section B and means for determining the image 
ratio based on the thus-received signals of section B and detecting the 
remaining amount of the coloring agents based on such image ratio. It 
is furthermore possible to provide means for determining the image 
ratio based on the signals of section A and to construct the 

10 configuration in such a manner as to evaluate the characteristics of the 
output device relating to the consumption of the coloring agents based 
on such image ratio. 

Also, the process based on the remaining amount of the 
printing agents detected in the output device can be not only the 

15 predetermined information to the user in the informing unit provided in 
the output device as explained in the foregoing, but also information to 
a host apparatus (for example a computer) connected to the output 
device for displaying the information at host apparatus. 

The present invention is applicable not only to an output 

20 device or an image forming apparatus used on a stand-alone basis but 
also to a configuration where plural output devices or image forming 
systems are connected through a network. For example, in a situation 
where plural printers are connected to a network, a print command is 
issued from a host apparatus (personal computer or work station) to an 

25 output device (printer), and, if it is identified that such printer can 

execute the print command only partly as shown in the foregoing second 
embodiment, it is possible to inform the host apparatus of such effect 
and to provide the user of a message that the image output should be 
assigned to another printer. It is also possible to inform the host 
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apparatus of the possible output number in advance from each printer, 
thereby enabling the user to select the printer suitably. 

Such configuration will be explained with reference to Fig. 8. 
In a configuration in which plural printers 201, 202, 203 are connected 
to a network 200 as shown in Fig. 8, if it is identified, in a print 
command from a personal computer (PC) 2 1 0 to the printer 20 1 , that the 
printing process cannot be completed based on the output print number, 
the estimated toner consumption amount and the information on the 
remaining toner amount as shown in the second embodiment, such 
information is conveyed from the printer 201 to the PC 210, which in 
response displays a message that the output should be executed in 
another printer, for example the printer 202, capable of output 
operation, thereby requesting a change of the printer from the user. 

The present invention may be applied to a system consisting 
of plural pieces of equipment (for example host computer, interface 
device, reader, printer etc.) or to an apparatus consisting of a single unit 
of equipment (for example copying apparatus, facsimile apparatus etc.). 

Also, the functions of the aforementioned embodiments of the 
present invention may be realized by software, and the object of the 
present invention may naturally be realized also by supplying a system 
or an apparatus with a recording medium (memory medium) storing 
program codes of a software realizing such functions and reading and 
executing such program codes stored in the recording medium by a 
computer (or CPU or MPU) of such system or apparatus. 

In such case, the program codes themselves read from the 
recording medium realize the functions of the aforementioned 
embodiments, and the recording medium storing the program codes 
constitutes the present invention. 

The recording medium storing the program codes and the 
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variable data such as the table can be, for example, a floppy disk, a hard 
disk, an optical disk, a magnetooptical disk, a CD-ROM, a CD-R, a 
DVD, a magnetic tape, a non-volatile memory card (IC memory card) or 
a ROM. 

The present invention includes not only a case where the 
computer executes the read program codes, thereby realizing the 
functions of the aforementioned embodiments, but also a case where an 
operating system or the like functioning on the computer executes all 
the processes or a part thereof under the instructions of the program 
codes, thereby realizing the functions of the aforementioned 
embodiments. 
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